ical trials, and among those who do enroll, detailed data regarding comorbid conditions and psychological factors are not routinely captured [1] [2] [3] [4] [5] [6] . Beside their underrepresentation, studies which include older patients are likely to have selection bias 'only fit elderly patients were included' [4, 7] . Most clinical studies consider a chronological age of 75 years for treatment inclusion [8] . However, chronological age alone is not a sufficient factor to withhold curative or palliative treatment from an elderly patient. Other factors like more frequent morbidities, poor functional reserves, social support, precarious physical conditions and mental status should be considered [3, 9] .
Elderly patients are more prone to experience toxicities to specific anticancer treatment. This risk of toxicities increases with age, comorbidities and, to a certain extent, the treatment of the patient's other comorbidities. The treating oncologist should evaluate elderly patients and then select those who would benefit from a standard oncology treatment.
Tools such as comprehensive geriatric assessment in hospital settings can identify many health and functional state issues that might not otherwise be known by the treating oncologist. In addition, several domains of geriatric assessment are associated with oncological outcomes, such as toxicity of treatment and mortality [10] . Using this evaluation, physicians could identify 'fit' patients who can receive the same treatment as that offered to young patients, also identify 'vulnerable' patients who need a tailored treatment and finally 'frail' patients who will probably not tolerate a radical therapy proper to their diseases [3] .
Inclusion of frail elderly patients in treatment trials is recommended. New treatment approaches for frail elderly cancer patients need to be further investigated [11] .
The objective of this study is to report the epidemiological and clinical data of our cancer patients older than 90 years who were treated with chemotherapy and followed up in two cancer centers, and to discuss the ethical and deontological aspects of chemotherapy in this setting of patients.
Patients and Methods
This is a retrospective cohort study conducted in two medical oncology and hematology departments of public health institutions that have a university hospital mission: the Lucien Neuwirth Cancerology Institute and the Teaching Military Hospital of Valde-Grâce. Of about 2,800 new patients yearly diagnosed and treated for their cancers, 12 patients underwent or followed a specific anticancer treatment beyond the age of 90 years between January 2005 and December 2013. Inclusion of the patients was possible through the computer databases of the Intravenous Chemotherapy Prescription Software (BPC: Bonnes Pratiques en Chimiothérapie). Clinical notes were taken during each patient's visit. Analysis of the patients' medical records was based on initial clinical data and medical notes retrieved either from hospital databases or archived medical records. However, for any further information, family physicians, referring doctors or physicians of long-stay settings were contacted. Marital status departments of patients' hometown municipalities were contacted as well in order to get some information about our patients if that was not noted in the patient files.
The patients' data included age, gender and performance status. However, no geriatric evaluation was assessed in our patients. The decision for anticancer treatments is being taken during multidisciplinary cancer meetings.
Patients' cancers were specified by their type, stage of the disease (localized, locally advanced or metastatic) and metastatic sites.
The global objective of treatment and different types of specific anticancer therapies were detailed. Chemotherapy/target therapy cycles and the lines of treatment were counted as well.
All death cases related to treatment were reported and all toxicities related to anticancer therapies were documented as well and were specified in grades from 1 to 4.
Results

Patients and Their Cancers
Twelve patients started or continued their anticancer treatment beyond the age of 90. There were 8 females and 4 males. Their age ranged from 85 to 93 years, with a mean age of around 90.5 years. The whole patients enrolled in our study were found to have maintained general life conditions. However, half of them were living in elderly institutions at the time of the diagnosis of their cancers. Among the 12 patients, 3 were fully active, able to carry on all predisease performance without restriction [ECOG performance status (PS) = 0]. Seven patients were mildly restricted in physical strenuous activities but still ambulatory and able to carry out work of light nature (PS = 1) and the remaining 2 patients had a PS of 2.
Ten patients were found to have a solid tumor (4 digestive tumors, 3 gynecological tumors and 1 case each of cutaneous squamous cell carcinoma, breast adenocarcinoma and clear cell renal carcinoma). The other 2 patients had a malignant hemopathy (1 case of chronic lymphoid leukemia and 1 case of non-Hodgkin lymphoma).
At the moment of the diagnosis, only 4 patients had localized or low-grade disease. Most of the patients had either locally advanced (2 patients) or metastatic disease (6 patients). Metastatic sites were represented essentially by hepatic lesions (4 patients), lung metastases (3 patients), bone invasion (2 patients) and lymph nodes (2 patients).
The characteristics of the patients and their cancers are listed in table 1 .
Treatment
The objective of the specific anticancer therapy in our nonagenarian patients was considered as palliative in most of the cases. It was curative in only 1 case of stage T2a cervical basaloid carcinoma, which was treated with concurrent chemoradiation.
In spite of their age, different types of anticancer therapy were offered. Five patients underwent surgical intervention and 1 patient had a palliative biliary endo-prosthesis. Chemotherapy alone was given to 6 patients as first-line treatment: therapy was based on capecitabine in 3 cases, a combination of carboplatin (AUC 5) and cyclophosphamide in 1 patient, Gemzar monotherapy in 1 patient and carboplatin (AUC 5) monotherapy in 1 patient. Furthermore, 2 patients received weekly carboplatinbased chemotherapy concurrently with radiation therapy in order to treat a squamous cell carcinoma patient and a cervical basaloid carcinoma patient. Three patients received radiation therapy for their symptomatic bone metastasis. Regarding target therapy, the first-line treatments consisted of rituximab for a non-Hodgkin lymphoma patient and a chronic lymphoid leukemia patient, temsirolimus for a clear cell renal carcinoma patient and trastuzumab for a case of breast cancer. Panitumumab was given as second-line treatment for 2 colorectal cancer patients.
However, it was necessary to reduce chemotherapy doses in half of the patients, either as precaution considering their age (5 patients) or because of a mild chronic renal failure (1 patient). These patients received 50% of the planned dose since the first cycle of their chemotherapy.
The number of treatment courses was variable between patients: 2 patients received less than 3 cycles, 4 patients received 3-6 cycles and 3 patients received 7-10 cycles. However, some target therapies were followed for at least 10 continuous courses in 3 other patients.
Half of our patients received only one line of treatment. Nevertheless, offering second-line treatment was estimated to be necessary in 4 patients. Two colorectal carcinoma patients received capecitabine as first-line chemotherapy and then irinotecan combined with 5-fluorouracil and panitumumab as second-line therapy. One patient was treated for his pancreatic adenocarcinoma by oxaliplatin combined with 5-fluorouracil as second-line treatment after first-line treatment with Gemzar. The 4th patient received oxaliplatin combined with 5-fluorouracil after capecitabine therapy for his rectal carcinoma. Only 2 patients could have a third line of treatment. Table 2 shows treatment criteria and the different lines of treatment. Table 3 describes the different treatment-emergent adverse events. The most frequent adverse events were of grade 1 or 2 (11 patients). The most common toxicity was diarrhea (4 patients) and nausea and vomiting (3 patients). The other treatment-related toxicities were less frequent: asthenia (2 patients), Gemzar-induced thrombocytopenia (1 patient) and atrial fibrillation (1 patient). During treatment, grade 3 and 4 adverse events were reported in almost 8 patients and consisted essentially of hematological toxicities (1 case of rituximab-induced thrombocytopenia and 1 case of Gemzar-induced neutropenia) and cardiac toxicity (1 case of right heart impairment on rituximab and in 1 case of asymptomatic decrease in left ventricular ejection fraction >18% after trastuzumab treatment). The other severe toxicities were asthenia following temsirolimus treatment, panitumumab-induced cutaneous toxicity, severe sepsis after carboplatin-based chemotherapy and arthromyalgia attributed to capecitabine.
Treatment Toxicity
Two patients died secondary to septic shock less than 1 month after initiation of the specific anticancer therapy, and their death was attributed to this treatment. One of them died after his first cycle of carboplatin combined with cyclophosphamide and the other died after receiving his 9th cycle of temsirolimus treatment.
Survival
The duration of first-line treatment extended from 0.5 to 9 months, with a median of 3.2 months. Progressionfree survival ranged from 18 days to 311 days in the firstline treatment and from 66 to 300 days in the second-line treatment. Overall survival varied between 18 days and more than 11 years.
Discussion
The frequency and the severity of toxicity secondary to anticancer therapy, and namely to chemotherapy, are more common in elderly than in younger patients, and can complicate their treatment [12] .
The uncertain relation between age, comorbidities and toxicity is a major impediment to the inclusion of older patients in trials of drug safety and efficacy [13, 14] . Certain common age-related physiological changes increase the likelihood of toxicity with chemotherapy: decreased ability to repair cell damages, decreased stem cell reserve and greater anemia, reduced functional reserve of organ systems with progressive loss of body protein and accumulation of body fat, decreased liver and nephron mass, and reduced gastric mobility and secretion, and gastrointestinal absorption surface [14] . The global decline in organ functions associated with age-related comorbidities, and possibly the drugs used to treat these comorbidities, increase the risk of toxicity of some chemotherapy agents on the body.
All these conditions obligate the oncologists to reduce the dose of chemotherapy in order to have less adverse events, but without being sure of the treatment efficacy at this reduced dose.
In our short cohort study, the reduction in chemotherapy posology started since the first cycle of treatment and reached almost 50% of the planned dose in half of the treated patients due to their age and anticipated treat- The development and use of elderly-specific regimens may produce better outcomes than those using an empirically reduced dose of a standard regimen [15] . However, few agents have been tested in phase II or III trials in older patients. The combination treatment not only did not increase survival over that achieved with each drug alone, it was also more toxic [16] .
The small number of our patients could be explained partially by the recruitment procedures of screening campaigns that target usually a population of less than 75 years of age. Similarly, the very elderly patients are less often referred to medical oncologists than to family physicians and general geriatricians. This has been verified and confirmed in the different tumor boards through the patients' systemic medical records since January 2005. In fact, the patients in our study were referred directly by their family physicians to medical oncologists. This reflects a degree of bias regarding patient selection criteria. Another limitation of the inclusion of patients in this study concerns the prescription of oral chemotherapy, which is not recognized and noted in patient medical records with the same rigor as the intravenous chemotherapy. This recruitment bias shows that the traceability of oral chemotherapy and the observance of these agents are important factors for patient inclusion. This issue of oral anticancer therapies should be further investigated.
Moreover, all patients included in the study were judged fit by their oncologist for receiving intravenous chemotherapy and most patients presented with a PS of 0-1. But at the time of the study, geriatric competence was not available routinely in the centers involved in the study. Moreover, too many data are missing to have a retrospective appraisal of the comprehensive geriatric assessment based on autonomy level, presence or lack of associated comorbidities, and cognitive or nutritional status. Although all indications were decided after multidisciplinary discussion, these limitations are inherent to a retrospective multicenter study on patients treated over almost 10 years and reflect an insufficient analysis of geriatric vulnerabilities before treatment decision.
The geriatric assessment is a multidisciplinary diagnostic evaluation that helps to precisely determine the medical, psychological, social and functional capacity of elderly patients and to elucidate subsequently their physiological age, as opposed to their chronological age and their capacity to receive chemotherapy [1, 10, 17] . The International Society of Geriatric Oncology and National Comprehensive Cancer Network recommend a geriatric assessment to select the best cancer treatment for an older patient with cancer [18] [19] [20] .
Geriatric assessment was not reported for our patients. However, since this assessment was integrated in the pretherapeutic evaluation of elderly patients in the two institutions where our study was conducted, no patient is treated with chemotherapy if he is diagnosed beyond the age of 90.
Through a comprehensive geriatric assessment, we can distinguish a group of elderly patients who are fit to receive standard specific anticancer treatment, and a group of vulnerable and frail patients who would benefit from modified treatment or best supportive care. Therefore, standard surgical treatment of colorectal cancer must be offered to selected elderly patients and they must receive the same complementary therapies as younger patients as well [3] . Medical optimization and excellent continuity of care may contribute to improved outcomes following surgery for these complex patients [21] .
In a systemic review by Puts et al. 2012 [10] , four studies, all conducted in France, examined the impact of geriatric assessment on cancer treatment [22] [23] [24] [25] . In two studies, geriatric assessment did not influence the treatment decision, whereas in the other two studies, it led to changes in the treatment plan in 40-50% of patients.
Most of the treatment-related toxicities reported in the literature were of grade 3 or 4 and led to treatment interruption and postoperative complications [10] . Low grip strength was reported to be the only frailty marker (of seven measured) to predict treatment toxicity in a prospective observational study of 112 patients with different types of cancer [26] . Hamaker et al. [27] conducted a systematic search of studies on geriatric assessment in oncology, focusing on the association between baseline assessment and outcomes, and found that frailty was predictive of chemotherapy-induced toxicity; impairments in cognitive functions and activities of daily living were predictive of chemotherapy completion, and impairment in instrumental activities of daily living was predictive of perioperative complications. However, these results were too inconsistent to guide treatment decisions.
The geriatric assessment was able to predict mortality in multiple studies, and the variables which were found to be most associated with increased mortality are: older age, inadequate finances, mental health, comorbidities, high medication use, high Groningen Frailty Indicator score, low Mini-Nutritional Assessment score and impairment in activities of daily living [10, 27] .
A retrospective analysis [28] conducted in octogenarian and nonagenarian patients with acute myeloid lymphoma identified a near-normal albumin as favorable factor for the whole cohort, age less than 83 years and nonmonocytic morphology as favorable factors in the intensively treated cohort, and bone marrow blast <46% as a favorable factor for patients who received supportive care.
It is recommended that treatment decisions should be discussed in a multidisciplinary setting, ideally in combination with geriatric assessment scores, comorbidity and frailty indices, scores for predicting toxicity from chemotherapy and prognostic index for survival [4, 6] .
In fact, the nonagenarian patients who would theoretically tolerate a treatment with chemotherapy should receive comprehensive geriatric assessment in order not to compromise their autonomy, their general health conditions and their quality of life by such treatment. There is no consensus in relation to the selection and type of treatment for the group of vulnerable and the group of frail patients [3, 11] . At present, frail elderly patients remain the real challenge and the most appropriate approach to their treatment is still unclear.
It does not seem reasonable, from ethical and economical points of view, to treat nonagenarians if the proposed treatment is not curative. However, prospective studies in vulnerable and frail patients are highly needed in order to develop guidelines between social policies and specific health care to maintain both good health and quality of life in this group of nonagenarian patients. Only a multicenter prospective study will help to provide a more accurate analysis on the clinical benefit of treating these very old and frail patients.
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